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(54) Abstract Title 

An Overlay Layer for A Bearing Alloy Sliding Member 



(57) A sliding member comprising metal layer (1), an intermediate layer (3) a bearing alloy layer (2) and an 
overlay layer (4) which is formed on the bearing alloy layer (2), wherein the overlay layer (4) consists of a 
matrix of Bi or Bi alloy and 0.05 to 25 vol% of hard particles. Both the intermediate layer (3) and the overlay 
layer (4) can be formed by electroplating. The metal layer (1) can comprise steel and the hard particles 
dispersed in the overlay layer (4) may be an one from the group consisting of boride, silicide, oxide, nitride, 
carbide and an intermetallic compound. The intermediate layer (3) may comprise any one metal from the 
group of Ni, Co, Fe, Cu and Ag, or an alloy of which the major component is any one of these metals. 
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SLIDING MEMBER 



BACKGROUND OF THE INVENTION 

The present invention relates to a sliding 
member comprising a bearing alloy layer and an overlay 
layer using Bi or a Bi alloy which is formed on the 
bearing alloy layer. 

In internal-combustion engines of motor 
vehicles, for example, there have been used sliding 
bearings with utilization of a copper-based or 
aluminum-based bearing alloy, on each of which usually 
an overlay layer is formed to improve conf ormability . 
The overlay layer has been . conventionally made of a 
soft lead alloy or in some cases, an Sn alloy. 

However, it is preferable not to use Pb 
because Pb is an environmental pollution substance, 
if it is possible to do so. Thus, various researches 
and developments have been conducted heretofore, for 
example, there is proposed the use of Bi or a Bi alloy 
instead of the Pb alloy in JP-A-2001-20955 . 

However, when the overlay layer of Bi or the 
Bi alloy is formed by electroplating because Bi lacks 
malleability, it is hard to make it thick. Therefore, 
in the case where the overlay layer is formed with Bi 
or the Bi alloy, there arises a problem that it is 
inferior in wear resistance property. 

The present invention has been achieved under 



the above-mentioned background. 



BRIEF SUMMARY OF THE INVENTION 

An object of the invention is to provide a 
sliding member which uses Bi or a Bi alloy as the 
5 overlay layer while making it possible to improve wear 
resistance. 

In order to achieve the above object, 
according to the invention, there is provided a sliding 
member comprising a bearing alloy layer and an overlay 
10 layer which is formed on the bearing alloy layer, 

wherein the overlay layer consists of a matrix of Bi or 
a Bi alloy, and 0.05 to 25 vol% of hard particles. 

The hard particles contribute to the 
improvement of wear resistance. When forming the 
15 overlay layer with utilization of Bi or the Bi alloy, 
even if the thickness of the overlay layer is small, 
it is possible to improve the overlay layer in wear 
resistance by adding the hard particles thereto. On 
the other hand, while Bi or the Bi alloy has a rela- 
20 tively low melting point and is liable to flow under a 
high temperature, the additive hard particles control 
it not to flow and make it possible to have improved 
anti-seizure property. 

In this case, if the content of the hard 
25 particles is less than 0.05 vol%, it is impossible to 
attain the effect of improving wear resistance by the 
hard particles. If the content exceeds 25 vol%, the 



overlay layer exhibits lack of elongation and inferior 
conf ormability, and cracks or exfoliation are liable to 
occur, when it is used as a bearing, whereby the effect 
of improving wear resistance can not be attained. 

The maximum particle size of the hard 
particles is preferably not more than 5 fim. 

While the overlay layer of a Pb alloy has 
usually from 15 to 30 jam of thickness, when the overlay 
layer of Bi or the Bi alloy is formed by electroplat- 
ing, a thickness thereof will be 5 to 15 jum, since it 
is hard to make its thickness large. In this case, 
when the particle size of the hard particles added in 
the overlay layer is more than 5 ]xm f the hard particles 
not only attack a mating member comparatively hard but 
also adversely affect a formation of oil film when it 
is used as bearing, whereby the anti-seizure property 
of the overlay layer might be deteriorated. 

The additive hard particles may be any one 
selected from the group consisting of boride, silicide, 
oxide, nitride, carbide and an inter-metallic compound. 

The boride includes NiB, Ni 3 B, CrB, ZrB 2 , CoB, 
TiB 2 , VB 2 , TaB 2 , WB, MoB, an Fe-B system and so on. 

The silicide includes TiSi 2 , WSi 2 , MoSi 2 , 
TaSi 2 , CrSi 2 , an Fe-Si system, a Mn-Si system and so on. 

The oxide includes Si0 2 , A1 2 0 3 , Ti0 2 , Zr0 2 , WO, 
Mo0 3 , a Mn-0 system, an Fe-0 system, a V-0 system and so 
on . 

The nitride includes Si 3 N 4 , TiN, ZrN, TaN, VN, 



A1N, C-BN, Cr 2 N and the like, the carbide includes WC, 
SiC, B 4 C, TiC, TaC, VC, ZrC and so on. 

The inter-metallic compound includes a Ni-Sn 
system, an Fe-W system, an Fe-Mo system, an Fe-Mn 
5 system, an Fe-Cr system, an Fe-Al system, a Cr-Al 

system, a V-Al system, a Ti-Al system, a W-Al system 
and so on. 

Other hard particle materials than the above 
include a Ni-base self-fluxing alloy (e.g. a Ni-B-Si 
0 system) and a Co-base self-fluxing alloy (e.g. a Co-Mo- 
Si-B system) . 

The overlay layer is preferably formed on the 
bearing alloy layer via an intermediate layer in order 
to enhance the bonding strength between the overlay 
5 layer and the bearing alloy layer. The intermediate 
layer is preferably any one metal selected from the 
group of Ni, Co, Fe, Cu and Ag, or an alloy of which 
major component is any one of the above metals. 

In the case where the intermediate layer is 
0 made of Sn or an Sn alloy, for example, an adhesiveness 
can be obtained by a diffusion bonding according to 
which Sn diffuses into Bi to form a compound. However, 
in the case of such diffusion bonding, when the 
temperature of a bearing surface reaches a high 
temperature of one hundred and several tens degree 
centigrade under a high surface pressure in use, there 
arises a disadvantage that the overlay layer may be 
exfoliated since the compound, having a low melting 



point, generated by diffusion grows. 

In contrast, among Ni, Co, Fe, Cu and Ag 
mentioned above, Cu and Ag bond with Bi by virtue of 
an atomic bond which ensures bonding strength, whereby 
the exfoliation problem of the overlay layer under a 
high temperature hardly arises thereby resulting in 
excellent bonding strength. Also, with regard to Ni, 
Co and Fe, a similar bonding property can be expected. 

It should be noted that, in the present 
invention, the bearing alloy may be either a Cu alloy 
or an Al alloy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a sliding 

member. 

BRIEF DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

Herein below, there will be described 
embodiments of the present invention. 

As shown in Fig. 1, a bearing alloy layer 2 
made of a Cu alloy or an Al alloy was formed on a back 
metal layer 1 made of a steel plate, an intermediate 
layer 3 was formed on the bearing alloy layer 2 by 
electroplating, and an overlay layer 4 was formed on 
the intermediate layer 3 by electroplating, whereby 
invention specimens 1 to 6 and comparative specimens 7 
to 9 were obtained as shown in following Table 1. In 
this case, the thickness of the intermediate layer 3 
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was from 0.5 to 5 (m and the thickness of the overlay 
layer was from 5 to 15 fim. 

With regard to the intermediate layer 3, 
there are shown those made of an elemental Ag and of a 
5 Cu alloy. In Table 1, the numeral attached to the 

atomic symbol representing the intermediate layer means 
the content (by mass %) of the element. 

The matrix of the overlay layer 4 was pure 
Bi, and Si 3 N 4 and A1 2 0 3 were used as hard particles. The 
10 overlay layers were plated by the periodic reverse 
current electroplating method. According to the 
periodic reverse current electroplating method, cathode 
current is periodically switched to anode current, and 
in general, the switching is conducted so that the 
15 period for anode current is from 10 to 20% of length 

relative to the period for cathode current. The longer 
period of anode current may result in a better leveling 
effect but the plating rate decreases because a Bi 
plating is dissolved into a plating solution during the 
20 period of anode current. 

A wear test was carried out on each specimen 
thus obtained, results of which are shown in Table 1. 
Table 2 shows the conditions of the wear test. 
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T able 2 



Article 


Conditions 


Inner diameter of bearing 


53 mm 


Width of bearing 


16 mm 


Peripheral speed 


10 m/sec 


Lubricant oil 


VG22 


Material of shaft 


JIS S55C 


Test load 


80 MPa 


Test time 


5 hours 



From above Table 1, it can be understood that 
the wear amounts of the overlay layers are not less 
than 10 X 10" 3 nun in the comparative specimens 7 to 9, 
but those in the invention specimens 1 to 6 are not 
5 more than 7 X 10" 3 mm. Apparently, the invention 

specimens are excellent than the comparative specimens. 

The following is a detailed analysis of the 
data of Table 1. 

First , comparative specimen 7 does not 
10 contain hard particles in the overlay layer and the 
wear amount is large. While comparative specimen 8 
contains hard particles in the overlay layer in a small 
amount of 0.02 vol%, the wear amount is also large and 
no effect of the hard particles is observed. Further, 
15 while comparative specimen 9 contains hard particles in 
the overlay layer in a much amount of 30 vol%, the wear 
amount is also large . 
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In contrast, while invention specimen 1 
contains 0.1 vol% of hard particles and invention 
specimen 6 contains 20 vol% of hard particles, the wear 
amount is small within such content range. The test 
5 results show that wear resistance can be improved by 
controlling the content of hard particles to the range 
of from 0.1 to 20 vol% as in invention specimens 1 to 
6. 

It is noted that the sliding member according 
10 to the present invention is suitable for a plain bear- 
ing of internal-combustion engines, but its application 
is not restricted to thereto. 



- 10 - 

CLAIMS: 

1. A sliding member comprising a bearing alloy 
layer (2) and an overlay layer (4) which is formed on 
the bearing alloy layer (2), wherein the overlay layer 
(4) consists of a matrix of Bi or a Bi alloy, and 0.05 

to 25 vol% of hard particles. 

2. A sliding member according to claim 1, 
wherein the hard particles have a maximum particle size 
of not greater than 5pm. 

3. A sliding member according to claim 1 or 2, 
wherein the hard particles are of any one selected 
from the group consisting of boride, silicide, oxide, 
nitride, carbide and an inter-metallic compound. 

4 . A sliding member according to any one of 

claims 1 to 3, wherein the overlay layer (4) is formed 
on the bearing alloy layer (2) via an intermediate 
layer (3) which is made of any one metal selected from 
the group of Ni, Co, Fe, Cu and Ag, or an alloy of 
which major component is any one of the above metals. 
5. A sliding member substantially as hereinbefore described 

with reference to and as shown in the accompanying drawings. 
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